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Horizontal Emittance Reduction on a Synchrotron Radiation Light Source with a
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(Dated: June 26, 2018)
The performance of synchrotron light facilities are strongly influenced by the photon beam bright-
ness, that can be further increased by reducing the beam emittance. A Robinson Wiggler can be
installed in a non-zero dispersion straight section to reduce the horizontal beam emittance. It is
composed of an array of magnets of alternated polarities, whose both magnetic field and gradient are
of opposite signs. It provides a compact solution to reduce by 50% the horizontal emittance. How-
ever, it increases the energy spread by 40%. The concept of the Robinson Wiggler (RW) is described
here, the first experimental observation of the Robinson effect in a synchrotron light source on the
transverse and longitudinal beam properties by the means of four existing undulators is presented
and the impact on the photon flux density is studied.
INTRODUCTION
High brightness light sources have allowed for the de-
velopment or the improvement of new techniques [1, 2],
e.g. coherent X-ray diffraction imaging [3] and hologra-
phy [4]. The brightness B is the phase-space density of
the photon flux F (number of photons emitted per sec-
ond per 0.1% bandwidth), evaluated in the forward di-
rection and at the center of the source [5]: B = d
4F
dθdψdxdz
,
with θ and ψ the horizontal and vertical angles, x and z
the horizontal and vertical coordinates respectively. As-
suming Gaussian photon distribution, and neglecting the
variation of the electron transverse position due to the
oscillations through the insertion device, the brightness
can be written as [6]:
B =
F
4π2ΣxΣx′ΣzΣz′
with Σx,z (Σx′,z′) the size and (the divergence) of the
photon beam resulting from the convolution of the elec-
tron beam size (divergence) with the photon emission of a
single electron. The beam size and divergence can be ex-
pressed as: Σx,z =
√
σ2
x,z(e−) + σ
2
x,z(photon) and Σx′,z′ =√
σ2
x′,z′(e−) + σ
2
x′,z′(photon), where σx′,z′(photon) =
√
λ
2L
the photon beam divergence resulting from single elec-
tron emission through an insertion device, σx,z(photon) =√
2λL
2π the photon beam size [7], λ the wavelength of the
emitted radiation and L is the length of the device.
In a non-zero dispersion straight section for a Gaussian
electron beam distribution, the total horizontal beam size
σx and divergence σx′ include contributions from both
the betatron and the energy spread σe:
σx =
√
ǫxβx + (ηxσe)2
σx′ =
√
ǫx
βx
+ (η′xσe)
2
(1)
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with ǫx the horizontal emittance, βx the horizontal be-
tatron amplitude function, ηx and η
′
x the horizontal dis-
persion function and its derivative respectively. In the
vertical plane, if the vertical dispersion function ηz and
its derivative η′z are zero, the vertical beam size σz and
divergence σz′ are expressed as:
σz =
√
ǫzβz
σz′ =
√
ǫz
βz
(2)
with ǫz the vertical emittance and βz the vertical beta-
tron amplitude function.
At a given wavelength λ, the emittance of the photon
beam ǫph at the diffraction limit is defined by :
ǫph = σx,z(photon).σx′z′(photon) =
λ
4π
To reach the diffraction limit, the electron beam emit-
tance ǫx,z should satisfy the condition: ǫx,z ≤ λ4π . For
an operation at λ = 1 Angstrom, an electron beam emit-
tance of lower than 10 pm.rad in both planes is required.
Besides, the orientation of the phase space ellipse of the
electron beam should match that of the photon beam
emitted by a single electron.
In third generation synchrotron light sources the elec-
tron beam emittance (e.g. 3.9 nm.rad at SOLEIL [8], 2.7
nm.rad at Diamond [9]), leads to partial transverse co-
herence in the X-ray range. Recently, diffraction limited
storage rings have appeared [10, 11]. Indeed, different
approaches are implemented to further reduce the emit-
tance of existing light sources.
The natural horizontal emittance ǫx0 at equilibrium
between quantum excitation and radiation damping for
an isomagnetic lattice is [12, 13]:
ǫx0 =
1
Jx
∮
Hx(s)
ρ
ds∮
1
ρ2ds
(3)
with ρ is the radius of curvature and Hx(s) is the disper-
sion invariant given by [13]:
Hx(s) = γxη
2
x(s) + 2αxηx(s)η
′2
x (s) + βxη
′2
x (s)
2where γx, βx and αx are Twiss parameters [14]. The nat-
ural horizontal emittance ǫx0 for an isomagnetic lattice
can be rewritten in the simplified form as [15]:
ǫx0 = F (lattice)
E2
N3
(4)
where F (lattice) is a constant that depends on the lattice
design, N is the number of identical dipoles in the storage
ring.
A first approach for reducing the horizontal emittance
is given by increasing the number of dipoles in the storage
ring, moving from Double Bend Achromat lattice (DBA)
[16] (two dipole magnets with focusing quadrupoles be-
tween them to form an achromatic cell) and Triple Bend
Achromat (TBA) [16] (combination of a DBA with a
dipole at the center) to Multiple Bend Achromat (MBA)
lattice [17]. Among others, there are several examples:
MAX IV operating with 7-BA lattice and transverse gra-
dient in the dipoles produces a beam with horizontal
emittance of 250 pm.rad [18–20], the project of SPring-8
upgrade, first based on a 10-BA [21] and later on a 5-
BA [22] to achieve a horizontal emittance of 150 pm.rad,
the ESRF upgrade proposing a new design based on 7-
BA lattice to reach a horizontal emittance of 150 pm.rad
[23, 24], etc. After the shutdown of the Tevatron col-
lider, it is proposed to use its large tunnel (6.28 km
circumference) to house a storage ring of a new light
source called the Tevatron-Sized Ultimate Storage Ring
(TeVUSR) [25], that thanks to this large circumference,
expects a horizontal emittance of 4 pm.rad using a 7-BA
lattice.
A second approach for horizontal emittance reduc-
tion consists in increasing the damping rate by installing
damping wigglers in zero dispersion straight sections [13]
to enhance the radiation damping by contributing to
the synchrotron integrals. One can introduce the ratio
Fw =
I2w
I2a
where I2a is the second synchrotron integral
without the wiggler and I2w is the additive term due to
the wiggler [26]. The total horizontal emittance with the
damping wiggler can be written as:
ǫx = ǫxa
Jx0
Jx0 + Fw
+ ǫxw
Fw
Jx0 + Fw
(5)
where ǫxa and Jx0 are the emittance and the damping
partition number produced in the absence of wiggler, re-
spectively. ǫxw is the emittance generated by the wiggler
in the limit of Fw →∞. The required wiggler length Lw
for an isomagnetic lattice is given by:
Lw =
6C(Bρ)2
recτzγ3B2w
Fw
1 + Fw
(6)
with C the machine circumference, Bρ the magnetic
rigidity, re the classical electron radius, c the speed of
light in vacuum, τz the damping time, γ the relativis-
tic factor, Bw the wiggler field. Different light sources
adopted this solution among which PETRA III [27] that
reached a horizontal emittance of 1 nm.rad by installing
80 m long damping wigglers, PEP-X that replaced the
PEP-II tunnel and reached a horizontal emittance of 0.14
nm.rad by installing 90 m of damping wigglers [13], NSLS
II at Brookhaven National Laboratory installed 21 m of
damping wigglers in order to achieve 1 nm.rad horizontal
emittance [28].
The two strategies, i.e. adding damping wigglers and
increasing the number of dipoles to low emittance lat-
tices, can also be combined. In this respect, an ”ulti-
mate” PEP-X lattice has been proposed based on 7-BA
lattice together with a 90 m damping wigglers in one of
the straight sections to reduce the horizontal emittance to
11 pm.rad [29] at zero current. However, the drawbacks
of the damping wigglers solution is the requirement of
long insertion devices and the energy consumption of the
RF system.
A third approach to reduce the horizontal emittance is
given by adjusting the damping partition number by in-
stalling in a non-zero dispersion straight section a Robin-
son wiggler (RW) [30], i.e. a magnetic system of high field
transverse gradient superimposed to its main alternated
pole wiggler field. It consists in installing a magnetic
system producing a periodic vertical magnetic field Bz
and transverse field gradient dBz/dx. It is enough to
install this wiggler in non-zero dispersion straight sec-
tion without any need to modify the existing infrastruc-
ture. First observations have been carried out with suc-
cess at Cambridge Electron Accelerator [31], and in the
PS at CERN [32] showing 50% horizontal emittance re-
duction. RW has been recently adopted by other light
sources to reduce the horizontal emittance like Heifei
Light Source [33], Shanghai Synchrotron Radiation Fa-
cility [34] and the Metrology Light Source that benefited
from RW to improve Touschek lifetime by lengthening
the bunch [35, 36].
In this paper, we show that the Robinson wiggler ap-
proach applied to the case of the SOLEIL storage ring
enables the reduction of the horizontal emittance, while
increasing the energy spread. The experiment has been
performed using four U20 undulators as a RW-like by
creating off-axis displacement of the electron beam hor-
izontally and simultaneously in the four undulators for
getting the required field gradient product. Effects on
the radiation are also derived.
I. THEORETICAL APPROACH: HORIZONTAL
EMITTANCE REDUCTION BY DAMPING
PARTITION NUMBER ADJUSTMENT
A. Transverse and longitudinal properties
Over one turn in the storage ring, the electron loses
energy by emitting radiation, and gains energy from the
RF system. Assuming a sinusoidal RF voltage, the elec-
tron motion behaves as a damped harmonic oscillator
[12]. The damping process is characterized by the so-
3called damping partition D that determines the damping
rate of the emitted radiation. Considering a storage ring
of equilibrium horizontal emittance ǫx0, the variation of
the horizontal emittance ǫx due to the modification of
the damping partition D at equilibrium between quan-
tum excitation and radiation damping can be expressed
as [37]:
ǫx = ǫx0
1
1−D (7)
The damping partition numbers Jx, Jz, Js, character-
izing the damping rate, are defined as [12]:
Jx = 1−D, Jz = 1, Js = 2 +D
According to Robinson theorem [30], the total sum of
damping partition numbers i.e. of the amount of damp-
ing decrement over all degrees of freedom is constant:∑
Ji = Jx + Jz + Js = 4 . In terms of the synchrotron
integrals I2 and I4, Jx is expressed as Jx = 1− (I4)/(I2)
[12], where I2 and I4 are given by:{
I2 =
∮
1
ρ2
ds
I4 =
∮
ηx(s)
ρ
(
1
ρ2
− 2K(s)
)
ds
where K(s) is the normalized focusing strength in the
dipole. It is given in terms of the dipole field Bz and its
transverse variation dBz/dx (usually known as the field
gradient) as K(s) = (1)/(Bzρ)(dBz/dx).
At equilibrium between quantum excitation and radi-
ation damping, the relative energy spread for an isomag-
netic lattice is [12]:
σ2e =
Cqγ
2
Jsρ
(8)
The variation of the energy spread σe as a function of
D can be written as follows [37]:
σ2e = σ
2
e0
2
2 +D
(9)
According to equations 7 and 9, the horizontal emit-
tance ǫx and the relative energy spread σe can be modi-
fied by varying the horizontal and the longitudinal damp-
ing partition numbers Jx and Js respectively; i.e. by
varying the damping partition D. The damping parti-
tion for a given lattice is determined by its design. It
is given in terms of the magnetic field Bz and the field
gradient dBz/dx by:
D =
1
2π
(∮
ηx
ρ3
ds+ 2
B2ρ2
∮
ηxBz
dBz
dx
ds
)
∮
ds
ρ2
(10)
For an isomagnetic storage ring with identical bending
magnets, and equipped with separate function magnets
(i.e. bending magnets for deflection and quadrupoles for
focusing) such as SOLEIL, the damping partition is given
by:
D =
αR
ρ
where R is the radius of the storage ring and α is the
momentum compaction factor. For the case of SOLEIL
(α = 4.16×10−4, R = 57.37 m, ρ = 5.3 m), the damping
partition D ≈ 0.
If D can be reduced from its usual value D ≈ 0 to
D = −1, the horizontal emittance can be divided by 2
(see equation 7), while the energy spread will be increased
by
√
2 (see equation 9).
The bunch length represents the longitudinal distribu-
tion of the electron in the phase space and is related to
energy spread. In the zero current regime, the bunch
length σt is given by [38]:
σt =
α
2πfs
σe (11)
where fs is the synchrotron frequency expressed in terms
of the radio-frequency voltage V , the momentum com-
paction factor α, the harmonic number h, the electron
energy E, and the revolution frequency f0 as:
fs = f0
√
V αh
2πE
(12)
B. Requirements in terms of magnetic field
For an isomagnetic lattice, the damping partition given
by equation 10 can be reduced to:
D =
ρ〈ηx〉s
π(Bρ)2
∫ Lw
0
Bz
dBz
dx
ds (13)
The damping partition D can be significantly modified
by installing an insertion device of high vertical field and
high field gradient in a non-zero dispersion straight sec-
tion. A RW of length Lw and peak field Bw contributes
to the modification of D if inserted in a straight section
whose average dispersion function over the length of the
wiggler is 〈ηx〉. The damping partition can get a negative
value if Bw
dBw
dx
< 0 according to equation 13.
The SOLEIL storage ring hosts three types of straight
sections, as presented in Table I, all providing non-zero
dispersion. D could be reduced from ≈ 0 to −1 by in-
stalling a wiggler of
∫
Bw (dBw/dx) ds = 193.4 T
2 in a
short straight section (ηx = 0.252 m), leading to a reduc-
tion of the horizontal emittance from its present value of
3.9 nm.rad to 1.95 nm.rad. Inversely, the energy spread
will be increased from the present value of 1.01×10−3 to
1.43× 10−3.
4TABLE I. Length of straight sections at SOLEIL and optical
functions at the center
Straight section Length (m) ηx (m) βx (m) βz (m)
Long 4×12 0.206 5.58 8.03
Medium 12×7 0.165 4.6 2.24
Short 8×3.6 0.252 14.38 2.36
FIG. 1. Schematic presentation of the simultaneous horizontal
bumps in the four U20 undulators. Dashed line: the on-
axis electron beam trajectory, continuous line: the displaced
trajectory by applying a horizontal bump of value x.
II. EXPERIMENTAL OBSERVATION OF THE
ROBINSON EFFECT AT SOLEIL
To bring out the effect of a RW on the emittance and
the relative energy spread at SOLEIL, different experi-
ments have been performed using four already existing
in-vacuum undulators (four U20s) [39, 40] in the storage
ring. The four U20s are all installed in dispersive short
straight sections and generate periodic vertical magnetic
field and significant off-axis field gradient. To maximize
the total effect, the four U20s were used simultaneously.
Figure 1 shows the schematic experimental setup. The
electron beam is displaced off-axis in the four undulators
by applying simultaneous horizontal bumps using hori-
zontal dipolar correctors at the entrance and at the exit
of each undulator. At the entrance the electron beam is
displaced horizontally parallel to its initial trajectory and
comes back to the initial one at the exit of the undula-
tor. After each horizontal simultaneous bump, the tunes
are set back to the nominal values using two quadrupole
families. Horizontal beam size and bunch length are mea-
sured at each bump with the four U20s open at maximum
gap (bare machine) and with the four undulators closed
at minimum gap of 5.5 mm.
To study the Robinson effect, the horizontal beam size
and the bunch length are measured at 18 mA current
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FIG. 2. Peak magnetic field of a U20 undulator calculated as
a function of the horizontal beam position with RADIA for
the parameters listed in Table II (minimum gap).
TABLE II. Main characteristics of the in-vacuum U20 undu-
lators used for the experimental study of the Robinson effect
Characteristic Value Unit
Type in-vacuum -
Magnet material Nd2Fe17B -
Magnet dimensions (s, x, z) 7.5, 50, 30 mm
Magnet chamfer size 4×4 mm
Magnetization Br 1.05 T
Pole material Vanadium Permendur -
Pole dimensions (s, x, z) 2.5, 33, 22 mm
Pole saturation field Bs 2.35 T
Pole chamfer size 4×4 mm
Peak field 0.97 T
Period length 20 mm
(Magnetic) minimum gap height 5.5 mm
Period number 98 -
Deflection parameter 1.8 -
distributed in 416 bunches. The low current per bunch
enables operation of the machine close to the zero current
regime so as to satisfy equation 11.
A. The U20: a RW-like undulator
Figure 2 illustrates the peak field variation over the
horizontal range ±50 mm for a U20 undulator calculated
with RADIA code [41, 42] for the parameters given in
Table II. The magnetic field of a U20 is constant over
±10 mm in the vicinity of the central on-axis position.
Beyond ±10 mm, the peak field drops sharply creating
a strong magnetic field gradient. The superimposition of
the strong magnetic field to the strong field gradient as
in a RW can be achieved by creating off-axis propagation
of the electron beam through the U20. Consequently, a
U20 undulator is a good candidate to study Robinson
effect thanks to the particular transverse variation of its
magnetic field over wide horizontal range.
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FIG. 3. Transverse variation of
∫
Bz(dBz/dx)ds calculated
with RADIA for the four U20 undulators closed at gap 5.5
mm.
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FIG. 4. Variation of the horizontal betatron and dispersion
functions with the horizontal position in the four U20 undula-
tors at the pinhole camera location. Functions obtained with
AT simulation code.
Figure 3 illustrates the magnetic field multiplied by
the field gradient integrated over the undulator length∫
Bz(dBz/dx)ds for the four U20 undulators versus
transverse position. The zone of interest for the observa-
tion of the Robinson effect is that of maximum magnetic
field and maximum field gradient. The four U20 undula-
tors show a significant
∫
Bz(dBz/dx)ds peak of ±220 T 2
at x = ±13 mm.
B. Machine tuning for off-axis propagation
In the case of the SOLEIL storage ring, the optical
functions vary significantly when horizontal bumps reach
large values, since the horizontal bump creates off-axis
propagation in a large number of sextupoles leading to
additional focusing. The optical functions corresponding
to each bump are simulated with the Accelerator Tool-
box (AT) code [43] at the location of the photon beam
65
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FIG. 5. Horizontal beam size variation for a bare machine as a
function of the horizontal position in the four U20 undulators.
N: orbit bump simulation with AT code, : measurements
with the pinhole camera with a 5 µm precision.
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FIG. 6. Damping partition calculated with equation 13 as a
function of the horizontal position when the four U20 undula-
tors are closed at minimum gap. 〈ηx〉: the average horizontal
dispersion function obtained by AT simulation. Bρ: the mag-
netic rigidity Bρ = 9.13 T.m.
∫
L
0
Bz(dBz(x)/dx) ds: The
integral of the magnetic field times the field gradient for the
four U20 undulators calculated with RADIA code (see Fig.
3).
profile sensor as a function of the horizontal beam posi-
tion at any given horizontal position in the four U20s and
any longitudinal position in the storage ring. . Figure 4
shows the AT simulation of the optical functions ηx(x)
and βx(x), assuming a simultaneous horizontal bump in
the four U20 undulators.
Figure 5 shows the horizontal beam size measured with
a pinhole camera as a function of the horizontal position
for a bare machine and the beam size obtained by simu-
lation. Good agreement between measurements and AT
results confirms the good quality of the model used in
AT code.
Figure 6 shows the damping partition D as a function
of the horizontal position in the four U20s (undulators
65.0
4.8
4.6
4.4
4.2
4.0
å
x
0
 
(
n
m
.
r
a
d
)
1050-5-10
Horizontal position (mm)
(a) 6
5
4
3
å
x
 
(
n
m
.
r
a
d
)
1050-5-10
Horizontal position (mm)
(b)
FIG. 7. (a): Natural horizontal emittance variation as a function of the horizontal beam position in the four U20 undulators
obtained with AT simulation (U20s are open at maximum gap). (b): calculated horizontal emittance variation as a function of
the horizontal position in the four U20 undulators (U20s are closed at minimum gap). Calculations performed with equation 7
with ǫx0(x): natural horizontal emittance corresponding to the horizontal beam position according to AT simulation and D(x):
the damping partition (see Fig. 6).
are closed at gap 5.5 mm) calculated with equation 13.
The dissymetry is due to the fact that 〈ηx(x)〉 differs for
positive and negative values of the horizontal position.
The damping partition can even evaluate to negative val-
ues and reaches a minimum of −0.8, whereas a damping
partition of −1 is required to reduce the horizontal emit-
tance by factor of 2 (see equation 7). It is not possible
to get the value of D = −1, since some beam instability
appears at larger bumps leading to horizontal emittance
reduction by a factor of 0.45 and energy spread increase
by a factor of 1.3.
The variation of the natural horizontal emittance with
the bump is also taken into account. Figure 7 (a) shows
the natural horizontal beam emittance as a function of
the horizontal beam position obtained with AT simula-
tion (U20s are open). It is modified due to the horizon-
tal beam displacement, asymmetric increase is noticed
around the nominal propagation axis. Figure 7 (b) shows
the calculated horizontal beam emittance with equation
7 in the case of four U20s closed at minimum gap, with
the natural horizontal beam emittance ǫx0(x) deduced
from Fig. 7 (a) and the damping partition D(x) of Fig.
6.
C. Measurement of Robinson effect on the
longitudinal beam properties
The bunch length is measured as a function of the hor-
izontal position in the four U20s with a HAMAMATSU-
C10910 Series streak camera [44] of 2 ps-FWHM resolu-
tion to infer the effect on the energy spread (equation 11).
Figure 8 shows a typical bunch image detected by the
streak camera. Figure 9 compares the measured bunch
length with that obtained with equation 11 using the
damping partition due to the four U20s closed at min-
imum gap found in Fig. 6. Bunch length calculations
FIG. 8. Time evolution of the longitudinal bunch profile de-
tected by streak camera. Single bunch mode, I = 0.7 mA,
VRF = 1.37 MV and electron beam positioned at x = 16 mm
in the four U20s.
assumes α = 416.4 × 10−6 to be constant as a function
of the horizontal position as predicted by AT simulation,
V = 1.2 MV, h = 416, E = 2.75 GeV, f0 = 847 kHz
and σe the energy spread calculated with equation 9 as-
suming constant natural energy spread (σe0 = 1.01 ×
10−3) over the whole horizontal range as predicted by
AT simulation, and the damping partition found in Fig.
6.
Measurements confirm the expected increase of bunch
length when U20s are closed at minimum gap due to the
increase of the energy spread. However, measurements
are less in accordance with calculations at large bump
values because during the experiment it was not possi-
ble to displace the electron beam so that its horizontal
position is exactly the same in the four U20s.
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FIG. 9. Electron bunch length variation as a function of the
horizontal position in the four U20 undulators. U20 ON: U20
undulators set at minimum gap (5.5 mm), U20 OFF: U20 un-
dulators set at maximum gap (30 mm). Calculations: ,
from measurements with the streak camera for the U20s set
at minimum gap: N, at maximum gap: ◦. Streak camera of
2 ps FWHM resolution.
D. Measurement of Robinson effect on the
transverse beam properties
Figure 10 shows the horizontal beam size as a function
of the horizontal beam position in the four U20s mea-
sured with a pinhole camera [45] of 5 µm precision to de-
duce the effect on the horizontal beam emittance (equa-
tion 1), taking into account the corresponding measured
energy spread and the horizontal beam size expected
from theoretical calculations using equation 1, where σe
is the calculated energy spread (see Fig. 9), ηx and βx
are the optical functions at the pinhole camera obtained
with AT simulation (see Fig. 4) and ǫx is the horizontal
beam emittance calculated with equations 7 and 13 and
the optical functions ηx and βx (see Fig. 7).
The horizontal beam size reduction due to the Robin-
son effect expected at x = 12 mm is confirmed by experi-
mental observations. At large bump values, a slight shift
between measurements and calculations appears because
the horizontal beam position is not exactly the same in
the four U20s.
III. EXPECTED SPECTRAL PERFORMANCE
Following the experimental observation of Robinson ef-
fect, the radiation properties of already installed undula-
tors are studied under the modifications introduced by a
RW with SRW (Synchrotron Radiation Workshop) code
[46]. The undulator HU640 operating at low photon en-
ergy range in the linear horizontal polarization, and the
U20 undulator operating at high photon energy range,
are supposed to be installed in a new machine whose
emittance and energy spread are modified by a RW while
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FIG. 10. Calculated and measured horizontal beam size vari-
ation at the pinhole camera as a function of the horizontal
position in the four U20 undulators. U20 ON: U20 undulators
set at minimum gap (5.5 mm), U20 OFF: U20 undulators set
at maximum gap (30 mm). Calculations: , measure-
ments with the U20s set at minimum gap: N, at maximum
gap: ◦.
assuming unperturbed dispersion and betatron functions.
(see Table III for the main characteristics of both undu-
lators).
TABLE III. Characteristics of the HU640 and U20 undulators
Undulator HU640 U20
Technology Electromagnetic HPM a, in-vacuum
(Bz)max 0.15 T 1.08 T
Period length 640 mm 20 mm
K 8.95 2
Energy range (5-40) eV (3-18) keV
Straight section Long Short
a HPM: Hybrid Permanent Magnet
The effect on the spectrum can be understood by con-
sidering the various contributions of the spectral broad-
ening
(
∆λ
λ
)
tot
. For a mono-energetic filament electron
beam, the undulator line presents a natural linewidth(
∆λ
λ
)
hom
= 0.9
nN0
with n the harmonic number and
N0 the number of the undulator periods, the inho-
mogeneous broadening due to the emittance
(
∆λ
λ
)
ǫ
=(
γ2
1+K
2
2
)
(σ2x′ + σ
2
z′) with γ the relativistic factor and K
the deflection parameter of the undulator, the inhomoge-
neous broadening due to the energy spread
(
∆λ
λ
)
σe
= 2σe
and the inhomogeneous broadening due to the beam size(
∆λ
λ
)
σ
=
(
γ2
1+K
2
2
)(
(σx
d
)2 + (σz
d
)2
)
at a distance d where
the radiation is collected. Consequently, the total spec-
tral broadening can be expressed as:
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FIG. 11. Flux density emitted by the undulator HU640 (K = 8.95) calculated with SRW through an aperture of 0.1 × 0.1 mm2
located at 10 m from the source. (a): zoom on the harmonic H1, (b) zoom on the harmonic H3. ǫx = 1.95 nm.rad,
σe = 1.428×10
−3 . ǫx = 3.9 nm.rad, σe = 1.01×10
−3. Beam energy of 2.75 GeV and beam current of 500 mA.
(
∆λ
λ
)
tot
=
√√√√( 0.9
nN0
)2
+
(
γ2
1 + K
2
2
)2
(σ4x′ + σ
4
z′) + (2σe)
2 +
(
γ2
1 + K
2
2
)2 (
(
σx
d
)4 + (
σz
d
)4
)
(14)
Figure 11 compares the calculated flux density emitted
by the HU640 undulator considering the present SOLEIL
horizontal emittance and energy spread, and that modi-
fied due to the assumed presence of a RW. The flux den-
sity emitted by the HU640 for the first (H1) and the third
(H3) harmonics remains practically unchanged. The har-
monic H1 is unaffected whereas the H3 flux is reduced
by 0.5%. The harmonic widths are mostly determined
by the energy spread, since
(
∆λ
λ
)
σe
≈ 2.8 × 10−3, while(
∆λ
λ
)
ǫ
= 4.95 × 10−4 and (∆λ
λ
)
σ
= 4.7 × 10−4 (calcu-
lated at the source point: σx = 257.6 µm, σz = 17.7 µm,
σx′ = 26.4 µrad, σz′ = 2.2 µrad). As the contribution of
the energy spread is independent of the harmonic num-
ber, the effect of the energy spread on the lower order
harmonics combines with the homogeneous linewidth,
whereas for higher order harmonics the broadening is
mainly determined by the energy spread. Given that the
HU640 is composed of 14 periods, then
(
∆λ
λ
)
hom
= 7%
for H1, and
(
∆λ
λ
)
hom
= 2% for H3.
Figure 12 compares the calculated flux density emit-
ted by the U20 undulator operating in the high energy
range considering the present SOLEIL horizontal emit-
tance and energy spread and that modified due to the
assumed presence of a RW. The flux density of the har-
monic H1 is not affected and that of the harmonic H11
is reduced by about 18%. The different contributions to
the total harmonic broadening are:
(
∆λ
λ
)
σe
≈ 2.8×10−3,(
∆λ
λ
)
ǫ
= 9.14 × 10−3 and (∆λ
λ
)
σ
= 6.79 × 10−3 (calcu-
lated at the source point: σx = 265.1 µm, σz = 9.5
µm, σx′ = 30.5 µrad, σz′ = 4.1 µrad). Concerning
the harmonic H1, the homogeneous linewidth dominates
the effects of the energy spread (
(
∆λ
λ
)
hom
= 10−2, the
U20 is composed of 98 periods). Flux reduction no-
ticed of the harmonic H11 is due to the combinaion be-
tween the energy spread and the homogeneous linewidth
(
(
∆λ
λ
)
hom
= 9× 10−3).
Increasing the energy spread has a greater effect on
the harmonic intensity for the U20 undulator compared
to the HU640 one due to larger contribution of the emit-
tance and the energy spread to the inhomogeneous broad-
ening in the case of the U20. In addition, the homoge-
neous broadening is larger for the HU640 than for the
U20.
IV. CONCLUSION
The Robinson effect was observed and validated exper-
imentally at SOLEIL. This novel development is a critical
step forward achieved even without constructing a RW.
The experiment was performed by making use of the high
field and field gradient of already installed undulators in
the storage. The expected Robinson effects on reduc-
ing the horizontal emittance and increasing the energy
spread are observed in agreement with theoretical expec-
tations: horizontal emittance is reduced by ratio of 35%
and the energy spread is increased by ratio of 30% with
respect to the present values. RW has an impact on the
spectral distribution of the photon flux density emitted
by insertion devices. In the low energy range it leads to a
very tiny photon flux reduction, while in the high energy
range it has a much larger effect on the photon flux. This
makes a RW not a good candidate for synchrotron radi-
ation facilities, but an excellent candidate for machines
providing collision experiments which require beams of
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FIG. 12. Flux density emitted by the undulator U20 (K = 2) calculated with SRW through an aperture of 0.1 × 0.1 mm2
located at 10 m from the source. (a): zoom on the harmonic H1, (b) zoom on the harmonic H11. ǫx = 1.95 nm.rad,
σe = 1.428×10
−3 . ǫx = 3.9 nm.rad, σe = 1.01×10
−3. The beam energy is 2.75 GeV, the beam current is 500 mA.
tiny dimensions.
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